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SYMBOLS

drag coefficient (is%z\
w

}ife coefficient | oot
q Sw

pitching moment coefficient <h£££%££&-%25325)
W

alrcraft mean asrodynamic chord, in inches

full-scale incremental drag, in pounds (difference between
drag of clean aircraft and bomb mounted configurations,
extrapclated to full scale)

free-stream Mach number

free-stream dynamic pressure, 1b/ft?

alrcraft wing planform area
25° sweep - 2.05 ft?
50° sweep - 2.11 ft2

angle of attack, in deg
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GEOMETRIC EFFECTS ON FUSELAGE MOUNTED STORE DRAG

by

John F. Talbot and Jonah Ottensoser
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SUMMARY
The second in a series of scale-model wind tunuel tests to determine

: e 3 the effect of fuselage mounted stores on the drag of an atteck aircraft

v e

is reported. Variations of wing position, wing sweep, and store loadings
were investigated over an angle of attack range of ~2° to 6° and a Mach 1
number range of 0.60 to 0.90,

In general, the high wing configuration had lower incremental drag
than the iow wing and variaiiovi of wing sweep had aegligille effcct.
Increasing the longitudinal spacing between stores tended to increase the
incremental drag due to the stores. Staggering the store load, increas-

ing the lateral spacing, or shielding the forward row of bombs had little

B i RIS

effect on the incremental drag. The magnitude of the incremental drag
from fuselage mounted stores does not appear to be hidden when it is
measured on a high drag airplane model, nor does it appear to be magnified

when measured on a low drag airplane model.
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INTRODUCTION

An investigation into the effect of fuselage mounted stores on the
drag of aircraft cruising at high subsonic speeds was initiated at the
Naval Ship Research and Development Center early in 1966. An earlier
report (K.ference 1) describes the results of a preliminary investiga-
tion of this problem and suggested areas of more detailed testing.

Some of these areas have been explored and the results are presented
in this report.

A basic body was tested with a high and low wing. Both the high
and low wings were run with 25° and 50° sweeps. Various store loadings
and positions were investigated, using Mk 81 and M 82 bombs with Snakeye
tails. In addition, a ramp type shield forward of the stores was in-
vestigated. Tests were conducted at Mach numbers of 0.6, 0.70, 0.80,
0.85, and 0.90.

This study was initiated in response to widespread interest in
possible practical application of fuselage mounted store suspension and

launch systems, such as cutlined in Reference 2.

MODELS
The wing-body model consists of a rectangular cross-section fuselage
rounded at the corners and faired to a point at the nose. The wing has

ar NACA £4A008 sirfoll secticn with

2 25° or 52° leading edge swesp.
Dotails of the wing-body configurations are shown in Figures 1 and 2.
A olot of the area distributions is shown in Figure 3.

The external stores tested were 0.10-scale models of the Mk 81 and
Mk 82 bombs with Snakeye tails. Figure 4 gives pertinent information
about tiiese bombs; and Figure 5 shows some of the configurations tested.
Configuration designations are noted in Table 1. The wing mounted con-
figurations were installed on pylons similar to those described in Ref-

erence 3 and suspended from the mid-semispan wing station. Details of
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these configurations, along with a description of the ramp type shield,

] F are shown in Figure 6. In all cases, stores were mounted parallel to

the wing-body center line.

{ ' : TESTS AND MEASUREMENTS

The tests were conducted in the NSRDC 7- by 10-Foot Transonic W:-l
: Tunnel, described in detail in Reference 4, at a tunnel stagnation pres-
E - sure of one atmosphere corresponding to a Reynolds number of approximately

3 x 10® per foot.
All aircraft models were mounted on a cantilevered stiaug support
system through a six component internal strain gage balance. Data were
‘ recorded and reduced to coefficient form, but only the three longitudinal
. + components are presented.

Four basic aircraft models were tested; high wing with 50° wing
sweep (HW 50°), low wing with 50° wing sweep (LW 50°), high wing with 25°
wing sweep (HW 25°), and low wing with 25° wing sweep (LW 25°). Config-
urations on these four basic models included full and partial loads of
Mk 81 and Mk 82 bombs tangentially mounted under the fuselage and Mk 81
bombs on multiple ejection racks (MER) pylon mounted under the wings.
= i The LW 25° model was used to determine the effect of fuselage

Ee SR S

mounted stores in various position and spacing arrangements. Also,

NG

| a wedge shaped shield located forward of the first row of stores was
tested on this model.
Test conditions included Mach numbers of 0.60, 0,70, 0.80, 0.85,

£ ‘.

“t ; 5
E and 0.90 and an angle of attack range of -2° to 6°. Transition was i
E fixed on the aircraft wing at 10 percent of the chord and on the stores f
| ! and fuselage at 10 percent of their lengths with 1/8-inch-wide strips ;
| 3
| of number 90 carberundum grit. :
CORRECTIONS AND ACCURACY H
i Angles of attack have been corrected for deflection of the model f
| 4
Pe sunport system and balance and are within #0.1°. Lift, drag, and pitching

L L moment coefficients have an accuracy of #0.004, 0.0005, and 40.001, re- ;
i i” spectively, at Mach number 0.80. The Mach numbers reported are within f
E i 8
By / = =
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40.003; and since the blockage of the model is less than 0.5 percent
of the test section area, no corrections have been made for well effects.
Drag data have been corrected for base pressure effects on the aircraft

model.

RESULTS AND DISCUSSTONS

The study of incremental drag from fuselage mounted stouves discussed
inirially in Reference 1 has continued and some of the more important
results of the second phase are pcesented herein.

The configurations investigated include variation of aircraft wing
position; aircraft wing sweep; and number, type, and position of bomb
load.

The longitudinal characteristics of the major configurations in-
vestigated are shown in Figure 7. The majority of the results of the
tests of partial store loads are not presented or discussed here but will
be covered in subsequent papers. Fur information purposes, however, the
list in Table 1 contains all of the configurations tested during this phase.

The aircraft alone configuration, with the wing leading edge swept
at 25° has a drag rise starting at a Mach number of about 0.8, but when
the wing is swept to 50° this drag rise is delayed to a Mach number in
excess of 0.9 (Figure 8). 1In view of rhis, the 50° wing configurations
can be considered to represent an aerodynamically clean vehicle when
compared with the 25% confisnrarione (an ohservation supbported by a
comparison of the area distribution of models with both wing sweeps as
shown in Figure 3). With this in mind and an examination of Figure 9,
it would appear reasonable to state that the wagnitude of the incremental
drag from the various store configurations is not appreciably masked by
the high drag configuration.

A compariscn of incremental drag due to nine Mk 82 bombs on the
simulated high and low wing aircraft (Figure 9) indicates that the high
? wing aircraft would pay less of a drag penalty. When configured with
L twelve Mk 81 bombs, the drag penalty for both wing positions is about
13

the same though the incremental drag for the twelve Mk 81 bombs is less
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than that for nine M< 82 bombs. From this same figure, it appears that 3
effect of wing sweep on incremental drag follows no consistent pattern.

The effect of bomb longitudinal spacing was investigated to a limited
extent and found to be detrimental. The three rows of Mk 81 bombs were
separated such that the space between nose and tail of the bombs was 24
percent of the length of the bomb compared to the standard spacing of 0.3
percent. Results of this spacing are compared with the standard array
in Figure 10 and show an increase in incremental drag. Conversely,
lateral spacing of bombs had little effect. The columis of Mk 82 bombs
were separated laterally such that the space between bombs was 30 percent
of the bombt diamet-r as opposed to a standard spacing of 2.3 percent. This
array is compared with the standard arréy in Figure 10 and shows little
change in incremental drag.

Staggering the center of gravity position of bombs from the standard
pattern we< also investigated. The two columns of M« 81 bombs nearest
the aircraft center line were moved forward to form a V pattern. The
incremental drag from this array differed little from that of standard
array as shown in Figure 11. The aircraft model fuselage was not long
enough to stagger a full load of nine Mk 82 bombs, so a comparison of six
bombs in standard and staggered array is given in Figure 1l1. Again the

incremental drag from the two configurations is approximately equivalent.

Intuitively, it would appear that a shield forward of the front
row of bombs would improve the flow characteristics around the homb arrav

and thereby decrease the drag penalty. The results of this investigation

show, in Figure 12, that there is no significant reduction in incremental

drag with the shield installed.

L

For comparative purposes the various wing body configurations were
3v tested with an MER loaded with six Mk 81 bombs, pylon mounted under
j. each wing. The incremental drag from these wing mounted stores is three
i' to four times that from a comparable load of twelve Mk 81 bombs carried
ii tangent to the fuselage undersurface as shown in Figure 13,

s CONCLUSIONS
' Based on the data obtained during the series of tests the following

conclusions are drawn:

UNCLASSIFIED
C-2622




UNCLASSIFIED

T TR T TR T

1. The magnitude of the incremental drag from fuselage mounted
stores is not greatly affected by drag of the basic aircraft configu-
ration.

2. A high wing airplane would pay a lesser drag penalty than a
low wing airplane when carrying external stores under the fuselage.

3. The minimum drag increment is obtained when the stores are

as close together as possible.

Aerodynamics Laboratory

Naval Ship Research and Development Center
Washington, D. C. 20007

September 1967
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(Drag data presented at c,” 0)
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o Figure 9 - Effect of Wing Position and Sweep on Incremental Drag
i | Due to 9 Mk82 or 12 Mk81 Bombs
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Figure 8 - Effect of Wing Position and Sweep on Drag of Masic Airplane

TIAL




CONFIDENTIAL

o

8wi1g w3juswaxdoul uo BujiafBe3s JO 3I093IF - 1 AInByg

49qUNY YOWK (0 =1y 3@ pa3juasaxd ®Iwp 3vaqQ) 19quny YowR
. . . ‘0 . L e 9°0
6°0 8°0 L°0 9 0 6°0 g8°0 L°0 0
B
A - —t—] = e o
- prr R
o't 5 Twunuﬂmn 0°1
\ ®
-]
y
/ .
0323393935 - - pa31383v3g-—
pIvpu®ls— PATPUBIS—
28R 9 0°z — I8 Z1 0°Z
Svaq [wviuswmaxoul uo Suyowds Jo 39333F - O] 2andyJ
aaquny yowy () nAU 3 pajudsaad wiep 2eaq) 1aqunN Yowy
6°0 8°0 L°0 o.mo 6°0 8°0 L°0 o.co
1]
2 s
S 0°1 5 —— —= ||1.|l|l|4¢.~
-~ @ -
(4 o P
o 7 el
[ad
poowdg ~ — paowds — —
DIPPUBIS —| \;vu-vndumll
; 78 6 0z 18 21 0°2
Suyoedg [vIa¥] Sutoedg TeUTPNITSUOT]
‘/ i
I

33 bs uy b/qv

33 bs ut b/qv

=25«

ol
o
o
[wu ]
=
[
b
[ ]
[ -

o~
&
2
[
o
«
o
z
=
)
z

g ——




(Drag data presented at C, = 0)

3.0
-—— 9-82 Without Shield

-—~-9-82 With Shield

2R

2.0@;'_

AD/q 1n sq ft

1.0
0.6 0.7 0.8 0.9
Mach Number

Figure 12 - Effect of Shield on Incremental Drag .
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